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STUDIES ON COLOR IN SWINE. 
I-The Hereditary Relationship of the Black of the 
Hampshire and the Red of the Duroc-Jersey. 
BY ORREN LLOYD-JONES AND JOHN M. EVVARD*. 
In 1913 an investigation was started at the Iowa experiment 
station in ' the laboratories of the animal husbandry section, 
which aimed toward aiding in a genetic analysis of the belt 
pattern in Hampshire swine. The crosses, which have already 
involved many hundreds of pigs, have dealt entirely with the 
Duroc-Jersey and the Hampshire breeds. The breed standard 
describes the Hampshires as "black with the exception of a 
white belt encircling the body, including the fore legs," while 
the Duroc-Jersey is described as being "cherry red without 
other admixtures." The white belt of the Hampshire is far 
from being a fixed character, however, and many pigs continue 
to come with only partial or imperfect belts, or even with no 
white whatever. This is true in spite of rigid selection for belts 
by the breeders. Our work with this belt pattern has shown it 
to be complex in genetic make-up and no report can be made 
on its hereditary behavior at this time. 
The purpose of this paper is to touch briefly upon certain 
phases of color inheritance in swine as already recorded in 
various published accounts, and to report in greater detail some 
new data on the relationship between black and red swine. 
THE BLACK OF THE HAMPSHIRE COMPARED WITH THAT OF 
OTHER BREEDS. 
The black of the Hampshire breed is not the equivalent of 
the black in other breeds, and its behavior in relation to both red 
and white of other breeds is unique. Spillman (1906) 1 first in-
dicated that the white of the Yorkshire is allemorphic to and 
dominant to, the black of Berkshire and Poland-China, and 
Smith (1913)2 later presented data which gave final proof of 
this matter. According to Severson's experiment reported in 
19173 the white of the Chester-White is dominant to the black 
* (With the collaboration of Russell Dunn.) 
'Spillman, W . G., 1906. Inhe ritan ce of Coat Color in Swine. Science, 
Volume 24, pp. 441-443. 
'Smlth, W. W., 1913. Inheritance in Swine. American Breeder'lI Mag. 
May 4, 1913. No.2, pp. 113-123. 
'Severson, B. ' 0 ., 1917. Color Inheritance in Swine. .Journal of 
Heredity, Volume VIII, p. 381. 
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of the Berkshire, and the authors of the present paper can say 
the same for the relation of the white of the Chester-White and 
the black of the Poland-China. Thus, the black of both of the 
more common black breeds, Berkshire and Poland-China, show 
a like behavior in relation to the whites. 
From the information available it appears that the behavior of 
the Hampshire black in relation to white is distinctly different 
from that of the other black breeds mentioned. Clayton Mes-
senger, of Keswick, Iowa, who breeds Hampshire swine exten-
sively, reported to the writers that he had on several occasions 
: rossed Hampshires with Chester-Whites, and had observed the 
results of many other such crosses. He reports that "nearly 
every pig would be blue roan," and in most instances had a white 
belt. Our own experience with this cross, tho limited to a single 
litter is that all such F 1 animals are blue roan with a very wide 
white belt. Thus, in the words of the breeder, the black of the 
Hampshire displays a greater degree of "potency" over white, 
than the black of other breeds. 
A common procedure in the Corn Belt is to croS'S the Duroc 
Jersey with the Poland-China. The result of this mating is 
almost always a pig predominantly red, but with black spots. 
However, Severson, ( 1917)4 after citing this as his experience 
and giving some data to that effect, gives two cases where a 
black and white resulted from this cross. In the same place 
Severson records his experience with Duroc-Berkshire crosses 
which also yield reds with black spots. Again, in its behavior 
with reel, the hlack of the Hampshire differs from the black of 
Berkshire and Poland China. In 1917 Spillman called attention 
to the fact that "most black breeds of swine when crossed with 
Tamworths or Duroc Jersey-give black and red spotted, but 
1 [ampshires-give the Hampshire coloring," and in 1913 
Frolich5 mentions the fact that the black and white of the 
Hampshire is dominant over red of Tamworth. 
EXPERIMENTAL RESULTS. 
Fl ANIMALS. 
In the sp ring of 1913, fifteen Duroc-Jersey sows, virtually 
pure bred, but not registered, were mated with a pure bred 
Hampshire boar. These sows produced 116 pigs, all of which 
were black pigmented. Many of them showed the Hampshire 
white markings, but these white markings are in all cases dis-
regarded for the present report. Since that time there have 
been produced in all 479 pigs from this type of mating. These 
'Severson, B. a., 1917. Color Inheritance in Swine, Jour. of Heredity, 
Volume VIII, p. 379. 
' Frolich, G., 1913. Heredity Studies with Swine. Jour. Landv. 
n , (1913), No.3, pp. 217-235 , pIs. 2. 
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pigs were closely scrutinized when a few hours old and color 
markings set down. In not a single case, when a Hampshire 
homozygous for black was used as one parent, has a red pig 
or a red spot appeared among the F 1 pigs, when very young, a 
faint reddish or grayish tinge was noticed about the eyes and 
ears, but the greater number of Fl animals did not show such 
markings. Moreover, as later tests showed, this reddish tinge 
about the ears and eyes was not a safe criterion of heterozygosity 
for black. 
BACK CROSS ON DUROC-JERSEY. 
Back crosses of Fl blacks on reds were made in three ways: 
Fl boars x red sows; red boar x Fl sows; pure bred Hampshire 
heterozygous for black x red SDWS. Altogether fifteen such 
matings were made giving 126 pigs, whose distribution on a 
black-red basis is given in table I. 
vVith the exception of the four cases indicated, the segregation 
of the black and red is perfectly clear cut and suggests a simple 
allelomorphic relationship between the black of the Hampshire 
and the red of the Duroc Jersey, with no modifying factors 
present in either stock. 
F2 ANIMALS. 
The idea that there is a single unit factor difference between 
the Hampshire black and Duroc Jersey red is further borne out 
by the F2 results obtained by mating the Fl boar to his Fl half 
sisters. Six such litters were obtained; the results are shown in 
table II. 
TABLE I-BACK CROSS OF HETEROZYGOUS BLACKS ON RED. 
'l'ype of Mating 
Duroc x Fl _________________ _______________ _ 
g~~~~ ~ ~~ =================================1 Duroc " * Duroc (blk. ) _________________ _ 
Duroc" * Duroc (blk.) __________________ 1 
Duroc " F2 Black ________________________ _ 
Duroc" * Hamp. (blk. ) _____ ____________ 1 Duroc x F' Black _________ ________________ _ 
Duroc " * Duroc (blk. ) _________________ _ 
Duroc" * Duroc (blk .) _________________ _ 
Duroc "* Hampshire ___________________ _ 
Duroc "* Hampshire ___________________ _ 
Fl x Duroc __________ _______________ ___ _ 
"Pure·bred" Ramp. x Duroc _____________ _ 
"Pure·bred" HSlmp. x Duroc _____________ _ 
'l'otals _____________________________ _ 
Expected __________________________ _ 
Utter No. 
11BO 
1190 
1200 
1000 
lOBO 
1090 
1100 
400 
410 
440 
450 
270 
IUO 
340 
390 
. *1 of these showed 2 minute bl:.ck spots. 
·*3 of these red.s had small black spots. 
,/ 
Progeny 
Black Red 
6 
2 
2 
3 
5 
4 
5 
5 
4 
5 
2 
7 
6 
8 
5 
69 
73 
5 
6 
6 
3 
8 
5 
5 
6 
5 
3 
3 
6 
5 
6' 
5" 
77 
73 
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TABLE II-Fl BLAC:KS MATED TABLE III-EXTRACTED RED~ 
TOGETHER. BACK -CROSSED ON REDS. 
Progeny Progeny 
Litter No. Litter No. 
mack Red Black Red 
1120 ______________ 11 2 1010 -------------- 0 6 1210 ______________ 5 5 1020 ______________ 0 11 1230 ______________ 9 1 1060 -------------- 0 13 1140 ______ _____ ___ 9 3 1070 -------------- 0 6 1240 ______________ 6 3 1110 -------------- 0 7" 1250 ______________ 5 7 
Total 
------- -
43 Totals _______ 45 21 
Expected ____ . 48.75 16.25 
·One of these had a "small 
black spot" on side. 
The segregation is typical for simple monohybrid results. 
The essential integrity of the factor for black is also demon-
strated by the fact that with one exception the extracted reds 
showed in their color no indication whatever of black ancestry, 
being wholly free from black hairs or black spots. Moreover, six 
of these extracted F2 red sows were tested genetically by mating 
with a red pure bred boar and were shown to be free from all 
factors for black. The results are given in table III. 
MATING OF HETEROZYGOUS BLACKS. 
We have now to report additional results derived from mating 
heterozygous blacks together. These results were not included 
in table II. The heterozygous black females in question are the 
same or similarly bred animals as those concerned in table 
II, but the heterozygous male was a "pure bred" Hampshire 
boar registered in the books of the breed association. In the 
vast majority of cases among Hampshire swine "pure bred" 
animals are homozygous ·for black. Our somewhat extended 
experience with these swine had in fact led us to consider it 
probable that this is always the case. The first indication that 
the situation might be otherwise was obtained in the spring of 
1915. At this time a litter from a certain Fl sow was sired 
by "Iowa Boy," (registration number 21655, Amer. Hampshire 
swine record association, Peoria, Ill., Vol 10). The litter con-
tained two red pigs. Upon investigation we discovered that 
occasionally, tho rarely, reds do appear among pure bred Hamp-
shires and are the cause of some concern on the part of breeders. 
The case serves as a good illustration of "reversion" among pure 
bred animals, perhaps comparable to the appearance of red calves 
within the Angus and Holstein breeds of cattle. That the sire 
of these red pigs is in truth a typical heterozygote for black 
is shown by his produce .f rom a number of F 1 or other heter-
ozygous black sows. He sired 21 litters from such sows, alto-
gether 188 pigs distributed a<; shown in table IV. 
Litter No. 
500 
540 
700 
840 
520 
800 
660 
820 
240 
280 
320 
370 
100 
130 
200 
220 
230 
250 
310 
340 
To::----·-1 Expected __ 
Black 
4 
5 
2 
6 
2 
9 
8 
3 
8 
7 
11 
7 
10 
19 
5 
9 
7 
6 
10 
9 
11 
158 
141 
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'rABLE IV. 
Red 
1 
2 
1 
o 
1 
o 
1 
2 
~ 
1 
2 
2 
4 
1 
1 
1 
1 
1 
2 
1 
2 
30 
47 
Progeny 
lllack Spots 
had black spots 
1 u U " 
3 .. 
1 .. 
Both" 
Thus the results from "Iowa Boy" are in general similar to 
those from the F 1 male, reported on in table II. But there in an 
essential genetic difference between the two males which results 
in one-half of the extracted reds by "Iowa Boy" being marked 
with black spots, whereas the extracted reds from the Fi male 
were (except one) good self-reds, both somatically and geneti-
cally. The amount of black on those "spotted" pigs was small, 
consisting in general of from one to a dozen areas about the 
size of a dollar, scattered promiscuously over the coat. 
Unfortunately none of these reds spotted with black could 
be back-crossed to red, so as to determine the genetic basis 
of this pattern. They may differ from blacks by the same unit 
factor as do self-reds, but carry in addition certain modifying 
factors which cause black spots. Or the pattern may be ac-
counted for as suggested by W right6 by considering it an allelo-
morph in a series of extension (black); partial extension (red 
with black spots) ; and restriction (red). 
SUMMARY. 
Three of our common breeds of swine, the Hampshire, Berk-
shire, and Poland-China, are black with certain characteristic 
white markings. The black of the Hampshire, however, is 
genetically different from the black of the other two breeds 
'Sewall, Wright, 1918, Jour. Hered. Volume IX, pp. 178-181. 
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named. This is shown by the mode of color inheritance when 
crossed by the red or white breeds. In both crosses the Hamp-
shire shows a greater degree of "potency" than either of the 
other previously mentioned black breeds as is shown by the 
following table: 
Homozygous Hampshire x Red Breeds=Black. 
Hampshire x 'White Breeds=Blue Roan. 
Polanel-China or Berkshire x Red Breeds=Red and Black 
Spots. 
rolanel-China or Berkshire x White Breeds='Nhite or White 
with Black Spots. 
In our experience, there is a single unit factor difference be-
tween the black of the Hampshire and the red of the Duroc-
Jersey, and the colors segregate from each other completely in 
the F" generation. Moreover, the reds extracted from the 
F 2 generation, breed like reds of the pure bred red breeds so 
far as color is concerned. 
vVith Hampshires heterozygous for black, we have different 
results entirely when mated with red breeds. In this case, 
about one-half of the "extracted reds" have small black spots 
on the coat. This means that sometimes black and red may 
differ from each other by something more than a single unit 
factor. It is impossible to describe the exact nature of this 
difference in the "extracted reds" having the black spots until 
they are tested out in breeding experiments. 
